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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing method, in which a silicon wafer, which 
has low defect density in an area especially near a surface and whose oxygen doping 
concentration is at least 4x1017/cm3, is obtained for an optimized silicon wafer. 
SOLUTION: In this manufacturing method for silicon wafer having low defect density, (a) a 
silicon single crystal whose oxygen doping concentration is at least 4><1017/cm3 is 
manufactured by solidifying and cooling a melting material. In this case, a holding time for the 
single crystal in cooling in a temperature range of 850-1 100°C is less than 80min, and (b) the 
silicon crystal is worked to form a silicon wafer, and then (c) the silicon wafer is annealed at 
1000°C for at least one hour. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the manufacture method of the silicon wafer which has low defect density -- it is - a 
oxygen doping concentration — at least 4xl017-/cm3 it is — although a silicon single crystal is 
manufactured by solidifying and cooling the quality of a melt - that time - the holding time of the 
single crystal under cooling by the 850 degrees C - 1 100 degrees C temperature requirement — less 
than 80 minutes — it is — ; 

b) The manufacture method characterized by processing a single crystal, forming a silicon wafer and 
carrying out annealing of; and the c silicon wafer at the temperature of at least 1000 degrees C for at 
least 1 hour. 

[Claim 2] the manufacture method of the silicon wafer which has low defect density — it is — a 
oxygen doping concentration -- at least 4xl017-/cm3 it is — nitrogen doping concentration — at least 
Ixl014-/cm3 it is a silicon single crystal preparing -; 

b) The manufacture method characterized by processing the aforementioned single crystal, forming a 
silicon wafer, and carrying out annealing of; and the c aforementioned silicon wafer at the 
temperature of at least 1000 degrees C for at least 1 hour. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method of 

a silicon semiconductor wafer that the so-called "as-grown" defect is low density. 

[0002] 

[Description of the Prior Art] Cutting a silicon wafer from a single crystal, processing it further, and 
forming the base material for electronic-parts manufacture is known. The single crystal is usually 
manufactured using the Czochralski process (CZ process) or the float zone method (FZ method). By 
these methods, the quality of a melt and the silicon generally doped are made to solidify, a single 
crystal is formed, and it is cooled. A melt is filled with a CZ process to a quartz-glass crucible, and a 
single crystal is pulled up from the melt by it. In such a case, the oxygen originating in crucible 
material dissolves in a melt, and contains to some extent in a single crystal. An FZ method is a low 
more substantially [ pull up, are law and ] than the single crystal (CZ single crystal) which does not 
use a crucible and which pulled up the oxygen density in a float zone single crystal (FZ crystal) from 
the crucible. However, oxygen may dope during manufacture at an FZ crystal, and those oxygen 
densities reach the value which is equal to oxygen doping in a Czochralski crystal. Improvement of 
this kind of FZ method is indicated by for example, US-No. 5,089,082 specification. Especially 
doping by the oxygen of an FZ crystal is carried out in order to use the precipitation-of-oxygen 
object which collects metal impurities as the so-called "Shinsei getter" in order to carry out tough 
[ of the crystal lattice of a single crystal ] more mechanically. 

[0003] Neither a Czochralski crystal nor an FZ crystal has the perfect-crystal grid. The grid includes 
the regular obstacle called the "as -grown" defect. A term "a defect" is used for meaning a defect 
hereafter, growing up chiefly. In order to manufacture electronic parts, it is most important that the 
defect density of the field near the front face is especially small as much as possible. The defect 
located in the field near the front face of a silicon wafer may block the function of electronic parts, or 
may produce destruction of parts. The defect density of FZ wafer is a low usually more substantially 
than the defect density seen about CZ wafer, however, oxygen doping concentration — at least 
4x101 7-/cm3 it is in the case of FZ wafer which doped oxygen, defect density reaches at the value 
of the order of the defect density in CZ wafer Doping by the oxygen of a single crystal which cannot 
avoid in the case of a Czochralski crystal, and has that it is desirable when it is an FZ crystal surely 
produces high defect density in this way. 

[0004] Since it is especially known that the defect density in a semiconductor wafer can decrease 
with heat treatment called annealing By tying up and considering between the quality predicted to be 
the defect density of electronic parts It is shown that the single crystal which has low defect density 
can be developed (M. it Sano(es)). M. Hourai, S.Sumita, and T.Shigematsu, Proc. Satellite Symp. 
ESSDERC The volume Grenoble/France and on B.O.Kolbesen, the 3rd page, The Electrochemical 
Society, Pennington, NJ (1993). There are temperature, annealing time, atmosphere, the degree of 
temperature change, etc. in the indispensable parameter under annealing. The reduction in defect 
density becomes so more remarkable that annealing time is so long that temperature is usually high. 
This has the fault that the manufacturing cost of a silicon wafer surely increases, when annealing is 
carried out at an elevated temperature for a long time. 

[0005] When the size of a defect decreased defect density with annealing, while indicating achieving 
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a role rate partially, research that the speed which cools a single crystal during the manufacture 
influenced the size distribution of a defect was released recently (36 D. Graef, U.Lambert, M.Brohl, 
A.Ehlert, R.Wahlich and P.Wagner, Materials Science and Engineering B 50 (1996)). However, it is 
not shown at all how it can use whether this knowledge can use for this research in favor of 
manufacture of a silicon wafer again. 
[0006] 

[Problem(s) to be Solved by the Invention] the oxygen doping concentration to which the purpose of 
this invention has low defect density especially in the field near the front face — at least 4x1017- 
/cm3 it is — it is offering the manufacture method which can obtain a silicon wafer and by which the 
silicon wafer's was optimized 
[0007] 

[Means for Solving the Problem] the manufacture method of a silicon wafer of having (1) low defect 
density according [ the above-mentioned purpose ], to this invention — it is — a oxygen doping 
concentration -- at least 4xl017-/cm3 it is - although a silicon single crystal is manufactured by 
solidifying and cooling the quality of a melt - that time - the holding time of the single crystal 
under cooling by the 850 degrees C - 1 100 degrees C temperature requirement - less than 80 
minutes — it is --; 

b) the manufacture method characterized by processing a single crystal, forming a silicon wafer and 
carrying out annealing of; and the c silicon wafer in at least 1 annealing hour at the temperature of at 
least 1000 degrees C, or the manufacture method of the silicon wafer which has (2) low defect 
density — it is - a oxygen doping concentration — at least 4xl017-/cm3 it is — nitrogen doping 
concentration — at least Ixl014-/cm3 it is — a silicon single crystal — preparing — ; 
b) It is attained more by the manufacture method characterized by processing the aforementioned 
single crystal, forming a silicon wafer, and carrying out annealing of; and the c aforementioned 
silicon wafer at the temperature of at least 1 000 degrees C for at least 1 hour. 
[0008] 

[Embodiments of the Invention] this invention person etc. found out having the effect which carries 
out a remarkable increase as compared with the defect density as which the process a of the above- 
mentioned manufacture method is regarded as the comparison crystal which made the defect density 
of a single crystal cool more slowly in a regular temperature requirement. Therefore, it is thought 
that the semiconductor wafer manufactured from the single crystal with many this kind of defects is 
unsuitable as base material for manufacture of electronic parts. However, the increase in defect 
density is connected with the shift to a small defect (defect in which the space range is small) of a 
defective size distribution which is remarkably efficient. This is very effective and the defect density 
seen after annealing is smaller than the defect density of the comparison wafer which carried out 
equivalent processing manufactured from the above-mentioned comparison crystal. Supposing a 
small defect is removed preferentially during annealing, explanation will attach this result. On the 
other hand, a big defect is not removed during annealing. These remain and these numbers have 
decisive influence on the detectable defect density in the silicon wafer which carried out annealing. 
For the purpose which obtains a low defective silicon wafer, the above-mentioned thing means 
decreasing as the rate of a small defect [ in / a defective size distribution / in the importance of the 
defect density in a single crystal ] increases. Becoming [ whether according to the process a of the 
manufacture method, the rate of a small defect is made certainly, and ] large, the rate of a large 
defect becomes [ whether it can do and ] small. Since a small defect is substantially removed in the 
process c of the manufacture method, the silicon wafer which carried out annealing has only low 
defect density. 

[0009] Furthermore, this invention person etc. found out that doping of the single crystal by nitrogen 
also affected a defective size distribution, it dopes with nitrogen — having — nitrogen doping 
concentration — at least Ixl014-/cm3 it is — about a single crystal, a defective size distribution is 
similarly shifted in favor of a small defect to the defective size distribution of the comparison crystal 
which was not doped with nitrogen The defect density after the silicon wafer manufactured from the 
single crystal which doped nitrogen following and processing similarly according to the process c of 
the manufacture method is small. 

[0010] Doping of the single crystal by nitrogen takes place during manufacture of the single crystal 
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by the process a of the manufacture method, however » fundamental — oxygen doping concentration 
— at least 4xl017-/cm3 it is — nitrogen doping concentration — at least Ixl014-/cm3 it is — the 
silicon single crystal which doped nitrogen is prepared and it comes out enough by processing 
further according to the processes b and c of the manufacture method therefore, the quick cooling of 
the single crystal in 850 degrees C - 1 100 degrees C of temperature requirements of the convention 
which needs doping of the single crystal by nitrogen at the process a of the manufacture method — 
instead, it can carry out 

[001 1] That it is also required to think in connection with doping of the single crystal by oxyfeen 
made clear the effect of doping of the single crystal by the nitrogen in the point of a defective size 
distribution as a result of the examination. About the same nitrogen doping, the rate of a small defect 
increases as oxygen doping decreases. 

[0012] In order to enforce the manufacture method, a single crystal is manufactured by using a CZ 
process or an FZ method, the basic principle of these two manufacture methods — for example, 
Ullmann'sEncyclopedia of Industrial Chemistry and the Ath — it is indicated by 23 volumes and 
727th page - the 73 1st page (1993) When using an FZ method, it is desirable to perform oxygen 
doping on US-No. 5,089,082 specifications like a publication. Quenching of the single crystal by the 
process a of the manufacture method is not indispensable when using an FZ method. This cools a 
float zone single crystal quickly with the property of the very thing of a process, and it is because 
under for 80 minutes remains in the temperature of the range of 850 degrees C - 1 100 degrees C. 
When using a CZ process, it is desirable to cool a single crystal to the aforementioned temperature 
requirement at necessary speed certainly using forced cooling. The equipment used for forced 
cooling of a single crystal is DE-195. 03 357 It is indicated by A No. 1 specification. 
[0013] Doping of the silicon single crystal by nitrogen takes place during manufacture of a single 
crystal by usually growing up a single crystal in the nitrogen content environment where the role rate 
as a source of a dopant is achieved. 

[0014] Based on the conventional technology, it performs processing a single crystal and forming a 
silicon wafer similarly. Annular or a wire saw is usually used for slicing a silicon wafer from a single 
crystal. You have to produce a silicon wafer, in order to measure defect density, and in order to 
measure a defective size distribution. The various production methods are learned. Since the 
property determination of a defect is dependent on the production method used substantially, it 
cannot give the absolute index of defective size. Evaluation of defective size and a defective size 
distribution can be mutually compared, only when based on the same production method. 
[0015] According to one method (COP examination), a silicon wafer is processed with SCI so-called 
solution it is made visible [ solution ] by making a defect into a "crystal origin particle" (COP). Next, 
a defect is investigated using a commercial surface-analysis device. 

[0016] The quantitive conclusion about existence of a defect is possible also by the so-called GOI 
examination (GOI means a "gate oxide integrity"). In this case, the electric breakdown voltage of the 
oxide layer applied on the surface of the silicon wafer is examined. By this method, the property 
decision of a defect is made by specifying GOI defect density. It was already shown that the 
examination result of GOI and the result of a COP examination correlate well mutually (M. Brohl, 
D.Graef, P.Wagner, U.Lambert, H.A.Gerber, H.Piontek, ECS Fall Meeting 1994, the 619th page, 
The Electro -chemical Society, Pennington, NJ (1994).). 

[0017] The process by Process c comes to contain heat-treating preferably at least 1000 degrees C of 
silicon wafers in the temperature of 1 100 degrees C - 1200 degrees C, and at least 1 annealing hour 
(annealing). Even if it carries out annealing of the silicon wafer separately, you may carry out 
annealing of it into a group. The atmosphere used is gas chosen from the group which consists of a 
noble gas, oxygen, nitrogen, oxygen / nitrogen mixture, and hydrogen preferably. Hydrogen or an 
argon is desirable. 
[0018] 

[Example] Hereafter, an example explains this invention. 
Example 1 

Various single crystals with a diameter of 200mm were manufactured by the CZ process, were 
processed, and the silicon wafer of categories CZ1-CZ3 was formed. Setting to all single crystals, an 
oxygen density is 5xl017-/cm3. It was a top. Cooling the grown-up single crystal positively in the 
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case of the silicon wafer of a category CZ 1, the holding time in the temperature of the range of 850 
degrees C - 1 100 degrees C of the cooled crystal was less than 80 minutes. In the case of the 
comparison wafer of categories CZ2 and CZ3, forced cooling under pull-up of a single crystal was 
omitted, and the holding time of the aforementioned temperature interval was over for 80 minutes in 
it. All the silicon wafers of three categories were GOI-inspected and COP examined for the property 
determination of a defect. When COP was evaluated using the surface-analysis device, the larger 
defect than 0.12 micrometers was detectable. Next, annealing of the silicon wafers of all three 
categories was carried out in argon atmosphere in temperature [ of 1200 degrees C ], and annealing 
time, 2 hours, and the defect was inspected like the above. The result of GOI inspection is shown in 
drawing 1 , and the result of a COP examination is shown in drawing 2 . Before heat treatment of 
these silicon wafers, GOI defect density increased in order of CZ3-CZ1. This inclination became 
reverse after annealing and GOI defect density increased in order of CZ1 -CZ3. Although the defect 
density of all silicon wafers decreased with annealing and it excelled, the reduction in defect density 
was the most remarkable about the silicon wafer of a category CZ 1 . Drawing 3 shows the defective 
size distribution about the silicon wafer before annealing, the defective size about the silicon wafer 
of categories CZ2 and CZ3 is almost distributed over homogeneity over measuring range -- although 
kicked, the rate of a small defect is remarkably [ about the silicon wafer of a category CZ 1 ] large, 
and the rate of a large defect is remarkably small 
[0019] Example 2 

Two different single crystals with a diameter of 200mm were manufactured by the CZ process, were 
processed, and the silicon wafer was formed, one of two single crystals — nitrogen — doping — the 
nitrogen concentration — 3xl014-/cm3 it was . both single crystals — an oxygen density — 9x1017- 
/cm3 it was . When the defective size distribution about a silicon wafer analyzed (the result is shown 
in drawing 4 ), it turns out that the defective size distribution shifted to the way of a smaller defect 
by nitrogen doping. 
[0020] Example 3 

Three single crystals with a diameter of 125mm were manufactured by the FZ method, were 
processed, and the silicon wafer of categories FZ1-FZ3 was formed. All the silicon wafers were 
doped by oxygen, under the present circumstances, an oxygen density -- 4.5x1 017-/cm3 it was . 
xategory which chose nitrogen doping as follows Dopant concentration FZ1 2.5x10 14/cm3FZ2 
1.0xl015/cm3FZ3 3.0xl015-/cm3 — the COP examination of the silicon wafer of all categories was 
carried out first The defective size distribution measured to drawing 5 is shown. The rate of a large 
defect decreases greatly while increasing the grade of doping. Since measurement was completed 
only to the limit of detection of a surface -analysis device, the display of the size distribution in the 
small defective range is imperfect. Annealing of the silicon wafer of a category FZ1 was carried out 
at 1200 degrees C among oxygen / nitrogen-gas -atmosphere mind for 3 hours. Drawing 6 is as a 
result of GOI inspection carried out about the silicon wafer before and behind heat treatment. From 
drawing 6 , removal of the small defect under heat treatment shows being improved with remarkable 
GOI defect density. 

[0021] Hereafter, the desirable operation gestalten of this invention are enumerated. 

(1) the manufacture method of the silicon wafer which has low defect density — it is — a oxygen 
doping concentration — at least 4xl017-/cm3 it is — although a silicon single crystal is manufactured 
by solidifying and cooling the quality of a melt — that time - the holding time of the single crystal 
under cooling by the 850 degrees C - 1 100 degrees C temperature requirement — less than 80 
minutes — it is — ; 

b) The manufacture method characterized by processing a single crystal, forming a silicon wafer and 
carrying out annealing of; and the c silicon wafer at the temperature of at least 1000 degrees C for at 
least 1 hour. 

(2) the aforementioned single crystal dopes with nitrogen in Process a - having — nitrogen doping 
concentration — at least Ixl014-/cm3 it is -- the manufacture method of the aforementioned (1) 
publication 

(3) A method the above (1) which carries out forced cooling when cooling the aforementioned single 
crystal in Process a, or given in (2). 

(4) the manufacture method of the silicon wafer which has low defect density — it is — a oxygen 
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doping concentration — at least 4xl017-/cm3 it is — nitrogen doping concentration — at least 1x1014- 
/cm3 it is — a silicon single crystal — preparing — ; 

b) The manufacture method characterized by processing the aforementioned single crystal, forming a 
silicon wafer, and carrying out annealing of; and the c aforementioned silicon wafer at the 
temperature of at least 1000 degrees C for at least 1 hour. 
[0022] 

[Effect of the Invention] the oxygen doping concentration which has low defect density especially in 
the field near the front face according to the manufacture method of this invention so that clearly 
from the above explanation — at least 4xl017-/cm3 it is a silicon wafer can be obtained 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 11 It is as a result of GOI inspection. 
[Drawing 21 It is as a result of a COP examination. 

[Drawing 31 It is a defective size distribution about the silicon wafer before annealing. 

[Drawing 41 It is the analysis result of the defective size distribution about a silicon wafer. 

[Drawing 51 It is as a result of [ of a defective size distribution ] measurement. 

[Drawing 61 It is as a result of GOI inspection carried out about the silicon wafer before and behind 

heat treatment. 



[Translation done.] 
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DRAWINGS 



[Drawing 11 

100 




0.01 



CZ1 



CZ2 



CZ3 



[Drawing 21 
& 100 




CZ3 



[Drawing 31 

10 




~i 1 1 r 

0.12-0.14 0.14-0.16 0.164.1B 0.1M.20 0.2&-Q.2i 0.24-O.3O >0.SO 



LPD *^x/^m LSE 



[Drawing 41 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



13.11.2003 



Seite 2 von 2 




>Q.12 >0.24 

LPD*^x///m LSE 



[Drawing 51 

.14- 



a. 
o 
o 




N=0.25x10 Vci 



N=3x1t> 15 /cm 3 
(0=4.5 x10 1 W) 



0.12-0.14 0.14-WS 0.1B-Q.18 QL1B-05D 0.20-024 >0.24 
L P D if^ X^?5/pfn LSE 



[Drawing 61 



10 

« 8 

\ 







\ y >*.:* 
- *: 

2 —"-""ft." 
>.* V. ; ■ •:• o 










. 

>:■:■:■:■>:•;*;■:-: 






t««x :W: x : ::: : :j 



0=4.5x10 Vera 
N=2.5xlO l Vc(n 3 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



13.11.2003 



(19) B^IWffFJT (JP) 



02) & m & I* & # (A) 



#11^10 - 98047 

(43)&HB ¥f£10i£ (1998)4^145 



(51)IntCl. 6 mm*} F I 

H 0 1 L 21/322 H 0 1 L 21/322 



m&m* m B»**OSc2 OL 0£ 6 H) 





&SB¥9 - 201762 


(7i) mis A 


595075034 










(22)mSB 


9 ^(1997) 7^28 0 
















196-37-182-1 




Wacker Siltronic Ge 


(32)SBfcB 


1996^ 9 £120 




sell schaf t fuer Hal 


(33)fiftlfc£§) 


m (DE) 




blei termater 1 al ien 








AG 
















^X-^X-->ol h^— ir 24 






(74)«;SA 













(54) Kng©^] &Kffi&m*ft?zi'Vn>!mfryxjw8mjjm 



(57) CWft] 

■r&mmv-^y^&^^K tt4 x 1 o"/cm 

Jftfrffi-C* oT. a ) Wait F - 1 y ^«JS**i^* < i: t> 
4X10"/cm3 m^Un >m^ B B BSr^?fe@5r 
<8HL.^a^-l»^tCJ;DiSit-r^*\ *tf>IIL 850 

"C—l 1 0 0°Ccr)-<^&mX"<V<$&^<VW&£l&i%ft£f 

1 1 o o o°c<75jajKt'^< tti u#p B ir-- u 



(2) 



mm*?- 10-98047 



a) ®*F-f>-^'jgjK^-^r< U4X 1 O'Vcm 
t<,z£iOWkt&tf. ZVM, 850°O- 1 100*07) 
$>9 ; 

b) f g B B B JJDI Lt y 'J 3 y?XA t ; 

c ) y'j3 >^X^£4-£r< OX;cr>igj£X''J? 

[ If 2 ] {BtftffiWK* s ^ u a y frowst 

m^mx-h^x, 

a ) Rag H - 1 y ^iRK*<^*< tt4X10"/cm 

3 Tib -9 . M»F-t"y^aiJS*^< itixio" 

/cm 3 TfcSi'Uav^eftSaBSL ; 

b ) HUia#^ B a B^aDXLT>-U3V^x^5rffMt ; 

LT 

c ) mti/ 'J 3 >->x^£, '>t£< ttioo o°c<7)?fl 
st^-sk t & i i$fHTx- u yy-th z t , 

[0001] 

g r o w n j M(S#'ffiS?STS> ^y'Jn ^-^ft^X^ 
10 0 0 2] 

[fiS#<0«*J y'Jay-^iA^, #*6A0»£>«JSrU 
(CZffi) X{i7a-hV->T£ ( F Z££) JfflutS 

L=Srv^|±{fft-c*0, 7n-h/-yW B ( F Z» 
A) +<!0l8)SftSJi. 4-3ff*»A>5l±tf/£*ISA (CZ 

f ztSAfc:«*a* H- ty^i-S^Ttfitt* 4 * 9 » -e^x^ 

<mmmmi c z & A£& »t * »» h - 1 EESft-r 

SffitPJii-fS. ccD«cDFZi£coK&U:, ^iJxtf, u 

S-5, 0 89, 0 8 2^-BJ$HStC|fiig$ilTV^ <> F 
Z ft A£>R« t i^K-fy ^'(i . mz , #S Atttt A 

[0003] C Zg a B B t FZi B a 9 t , ftSSSMFFtt 



LTV^li. fg-TJi, r as -grownj^Piti§ 

h. w.^&zmm-t&izte. t&zmm&mcDmt&cox 

ISfRK-t'^lfflg^^KK H4xlO'Vcm3 X" 
£>•§>. mm?: V-^y^btzF Z^^\cr>m^lzii, x 
RBttJKtt. C Z^x^fcfctf SfcRafc^*-*'-^ 
CJ**-* . C Z Jg A«0%£fciBW # flo F 

Z £ A£>«£- * U * £ 4: **& 4 , IMS AOB«C J: 

[0004] t 0*>tt, ^NWfc^x^Kistti^BBftK 
Ii7-- U V ^i: «?S *l4IRSBaK J: 0 Sit 

n a pf t comzwsufx^z. zztizx*). i&xmmm 

&*i-4#ttAA*BB«-C# iikSr^UT^i (M. S 
ano.M. Hourai, S. Sumit a&t>'T . 
Shigematsu, Proc. Satel 1 ite 
Symp. , ESSDERC Grenoble/ 
France, B . O. Kolbese ni. W>3~K, 
The Electrochemical Socie 
ty, Pennington, NJ (1993) ) . T 

yr'tpco&mcos-sy i,zi,±. i&g. r--u 
cornea . mffi&mtfm^ t*xt^r-- u y?'&ffsi& 

- 'J y^'-T S t , *fy'J3 >"^x^coSjtr;x b^'tM 
[000 5] X$m<V±Z §3&*T--'J V^CJ; OXFi^ 

i: tfc, mi&zznmmwzism-t&mmtf 

( D . Graef, U. Lambert, M. Bro 
hi, A. Ehlert, R. Wahl ic h&t/P. 
Wagner. Material s Science 
and Engineering B36, 50(19 
96) ) . L#>L3r#£>, Z\crM$ttzl±^ Z<7>&lM.&i>> 

f}\ i. tz if co X o (,zm ^ h Z. t tfX # h Mzi ^X (4^: 

[0006] 

[^0J* { ftl^LJ:di:-r.i»SiI] *JM*0lWli. #tc 

yy y '{&ffi^^r<fc^4X 1 0 17 /cm 3 tftliy'J^ 
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[0007] 

( i ) mxmmm^^^^v^y^^^commumT 

a) i?«H-b-yj5'jiJS*>'^<tt4Xl O'Vcm 
3 X'fo 5y'J3 y#& a a B £liM*l«£<SIl L^l-T 4 - 
ttCi OlSt^^ -^H. 8 5 0'C- 1 10 0°CCD 

b) *«Sfl^Jia:LT>''J3>^xy\*®*L ; *LX 
c ) y'Jay)iA^< tUOO 0°CcOi&R-e4<- 

a 1 1 t^meor-—v >7&$mx*T——v y 
zt, zftmfr&w&mk, ma, 

Jot, 

a) e*h'-b">-^mS* i; ii'- : 2r<tl.4xl 0 17 /cm 
3 "£*£> *) , a*H-t^j/«K*f^*< ttlxlO" 
/cms •C*4^U3>'#efiS|g«U ; 

b) frriem^HSrSDXLT^Uny^x^&^figL ; 
LT 

c ) finely av^x;^, ^< t & l 0 0 O'CWjS 
[0008] 

Tfco t*9>^< o fc^£^rt^ B B B -eji4>*x&xfos 

JtLfc^flflc^x^i, fli^gi5 a a pCOM3tfflS^M^ L 
<7)iM3P(i. He ) ti4^W(c»>xy^r=.-U>'^ 
X#ffi<0>Jv&vtf:fi& <2ISMH#/|v&h£RB) 

mttzmzztiz t-t&%t>i,mwtf~o< . ztuzni, 

x. ±$*%M±, T--V y7*<,zm£2ix%^. z 

&*. i&Xmi"J 3yJ^^£®&BWX*lZ, ±sicoz 
t ii . #*S B a B tcfc *t S ^Pfi^J£^Mgtt#XI?fi-»M X# 



[ 0 0 0 9 ] £ SfHici 

JE.ttil.7t. M^ciO h'-trv^^ir. asF-ev?" 
mswjv&Kb tixio'Vcm' Tibs*igafc:o 
wri±, XFfilMX^Srii. mmizxr) v-vyyzn 

PBtc**iJK v-7 . fi»£ F-t°>-?X^i£& B a B *> 
^KjtL7t^'J3>-^x^{i, L^* { ->T[Simc, SBi 
2r£<DXgc ) (~L^*^T®SL^f£<^Pfi®Si±/h 

[0010] 3*eJ: F-tV^te:, ^jt^ 

S#W(cj±. K«H-t:>'^iftB6&*^<i:t,4 

XlO'VcmS T'&O, MSF-b^SS^SK 
htlxlO'Vcm^ h'-ev/Lfcy 
U 3yjiM£ B B B £f|§MU MSt^OXHb ) at^c ) C 

i o $ hizim-fh z t x->rfrx'h&. ut**oT , a 

* t J: 4 #^ h h b«0 K - b° >-^(i % «Bft*rft<OXS a ) T" 

i^st-f 4^<7)iajg®ffls 5 o°c~i i o oxziztm- 

[ooii] ifts^fsm, *^--f x-*tm<?>fij!zi$\-th 
m.mz£z,mnikcr> v-^yy^mt. wimizx 

mwhtz. mt-mmY-^ynz^x . >^xm<nm-s 
i± , mm f— t° yytm£rt%> iz-onxtmn-r & . 
[0012] «3a#ffi£sairt-6fctf>te, #*s B a B ^ , c 

O<^RaKrffi<0a&*:JHa{±, ffllitf, Ul lmann' 
sEncyclopedia of Industri 
al Chemistry, gA23f,g727f- 
357 3 1H (1 993 ) HiE«3*i.T^4. FZMffl 
^4t^ - IS* F US- 5. 089. 08 

7°o-bXi0g*i0tt®{Cj: OSiSt'^aiL, 8 5 0"C— 
110 O'CcO^fflcoaSt-t t'i &<Ote8 0-ftfg&iffiX' 

fo&ztizxh. czsJffli^tiai ^$i|^sp^ 
•n>co*w± Lv^. <$.t£M,cD5m<§mzm^t>ti&mw 

ii, 0lJi.ti\ DE-195 03 357 Al ^mffl 
[00 13] WmizX & is V a F-ty? 

[0014] #^aSrJnXLT v- 'J 3 yJ^^ZBffct 
h <T> i> , ra«fcflfe*6t»fcai^S fir ^ . *tSAA»fe U 
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vimmm*. mnmzmmzti&fm*mzm&^-& 
v * . xmvj x t xhsim xwG<?fflm\t . n t fftfttr 
[0015] — -><nym. ( c o pom) izktat. is u 

ny^xy\£. xm* r M B ^**fei^j (COP) bL 

x b h i. o tz-ti , v >*)i^?> s c i mmz'H&mi- 

4. 

[0016] ^Ffi<i | yfiPSfc:lSI-rs«*W5r»SaftJi. vvfo 
WGO Iiftgfe (GO I{±. ry-MMHU^yfirij 
■r-f-j £S*-r&) (c.to'Ct'erSgTftS. *I<0*§ 

t«s* tco pmmcommtf . sv «t < sw-r * ^ t 

TlC^ftJt (M. B r b h 1 , D. Graef, 
P. Wagner. U. Lambert. H. A. Ge 
rber, H. Piontek, ECS Fall M 
eeting 1 994.^6191, The Ele 
ctro — chemical Society. Pen 
nington, NJ (1994) . 
[0 0 17] lie ) izZ&yrHzAlZ. •/'Jayji 
'J?&<bi> 1 0 0 0°C. ff^Klil 1 0 0°C~ 
1 2 0 0°C<75*SJg. ^< 1 1> 1 »#^T— — U y^'B# 

rat-^ta (r--u>-^') -rs-ri: ^ 

[00 18] 

[SgttOTJ] &T\ *3HH*. 3S*WW=J: 
SIMM l ) 

Ig2 0 0mra«i««#a B B ^, C Zj£tcJ: 

U flUlLT. *f3''J-CZ l-CZ 3<0>-!J3>-^ 

5X10"/cm s ±0t±Tfco7t:. *f^'J-CZ 

mfinmctf&pu ?#aiLT^-s>fe B H B«o8 5 o°c~~i 1 0 

-5 )t . *f^'J-CZ2MCZ3 SOft^x; m?)*^ 

y-^x^Sr. GO iBGS&tfCOPsSi&LTt. ^B^fi 
aB»£tefflL"CCOP«:iFfiIUfcfc.r^ 0. 12/xm 



iO^V^^^ajT^Jt. act. 3ocO*f3'U- 

^to^'J n^^x^N^. ?&Ki2oo°c. r^-y>- 
let nmz lx . ^i?fi$r^s l/s . goi 

IlCSL, COP|fiSitfO^Sria2^-f . dft-^CD 
isVayv^emSEMffllz, GOiXif^l cz 

3—CZ ICOJIIimclMJDL/to T--'Jy/S. ClcOi® 

folia* fc & 0 . goi Xffimmi c z l — c z 3 <o«? 
fclfflmUfc. ^T^v-UnV^x^coXPfgMi, 
- U y 7\,z X K) )l& L tz (ttL t' t, . £»«<?>MiHi: . 
# 7" ^ U - C Z 1 0 U q X^x; vc ft i> 

&OJt. H3(i. T-— Ll^ffiCO^UrJi^X^CO 

V^T^Pil-tf-f X^Sr^-T. iiT-^U — C Z 2 WC 
Z 3<?D>-'J 3y^X7Nfcoc%T<0:Xfil1M Xii. fi|^ 

XPiH^S'J^a^T-a'U -C Z 10y'j3y>>xy\(;ou 

[0019] wmm2) 

Hg2 0 0mmc7)2ocoS=5r4-f.SB a B 2-. CZffi(Cj;0 
MitL. JDXLT. yy3^<?x;\5:MLt. 200 

<oifMii3xio»/cm3 r»-o3t. M^romss 

B B B i:i>. mmm.l>t. 9X10"/cm3 -Cftofe. 
[0 0 20] H)5S01J3) 

llfll 2 5mm^3o<7Dm^ B a B 5-. FZffifcrJ: Olgit 
L. JDXLT. ^f^y-FZl-FZSWy'Ja^ 
XAjfMU. ^-C^v-U^y^xvN^M^ctD K 
-t^/Lfc. S*?*JS(5. 4. 5X1017/ 

cms -Cftofe. SBBK-ty/ll OTOidt^ 
t^: : 

FZ 1 2.5X1 0'*/c m 3 

FZ 2 1.0X1 0 15 /c m 3 

FZ 3 3.0X1 0 15 /c m 3 

^TcO^T-a-'J-^O^'J^y^x^^. ^fCOPMi 

< mart* . mMt&m8mm<n*itmx £ x- 

il?F5z£X'h&. — F Z 1 CDi/'J 3 yijx.J\ 

mm/mmmm%* 120 ox:x3mmT~->j v 

fL*!. 06«±. f^aaiuf^v-Unv^xyNtco^T 
WSUGOI tJEte>!>tt*"Cfc 4 . B 6 *> £> . 
<0/J^RB<!0l»*fe: J: 0 GO I Xmm&tffrtc D<?5K#$ 

[002 1 ] OTs *fWJJ*>#* L^*tt»JBS-5i|ajtt 
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4. 

( i ) mxgmm&irri> ^ v a y^^^mrnnmx- 

a ) mm F- f>^'igJK^-^r< kMxiO'Vcm 

fctj: osst-rsa^ 8 5o°c~i i oo°cco 
m ; 

b) *fe a B & JDI Lt y 'i 3 y^XA^ML ; * LT 
c ) y'Jny>XAS:^< H1 00 0°C<7)iagT^- 

£ 1 1 B*rar-- 'j i^-t-s - 1 , zmwtt-t&m 

( 2 ) luie#^ B B B *\ Ha ) +fcSSRfc:J: 0 K-trv 
cm3 T»4. itrie ( i ) ffittoSBfctrffi.- - 

( 3 ) filiHUSASrXga ) i4»{c?fra]-r* t £ *=5&IW& 

arc-* . use ( i ) xti ( 2 ) ccs**?**. 

( 4 ) ffiSOSMRK*^-* y'J3 J^x^wlEftfiirc 
a ) mm F-fy r/i&g#^&-< H4X10 17 /cm 
■/c m3 T'S) 5y'J3 L ; 

[Hi] 

lOO-i 1 



m 10 




c ) lt)IE^Ll3>-^X^&, ^< 1 1, 1 0 0 0°CO& 
[0022] 

0 1 7 / c m 3 T£> £ U 3 y>)xy n£#|> d t 
4. 

[affi^m^iJi^] 

[HI] GO ItfcSt«9j&3|-C£>S. 

[ h 2 ] c o p khoisst* % . 

[H3 ] T——V yr'm&i/V^yTjjiJMz^^xcDX 

[H4 ] is 'J 3>^xys(coivC<92:PlBlM x j rt^<rm 

[ H 5 ] fcBlM X4MBtf>«5aS*T* 6 . 
[ H 6 ] JStfOaiir^ y'J3 i-"?X^C:oV vr HS6 Lfc 
GO I«Be^*T"&S. 



[H2] 



€ 100 

IK 




[03] [04] 




o.i -H 1 1 1 1 1 r- 1 LPD-*-<J<.7fml_SE 

0.12 OU 0.14-0.16 D.lS-fl.lB 0.1)0.211 0.20-0.24 Oil -t JO >0.M 

LPD *-rx/^mLSE 
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;\— ^jLh^— b 109 

(72)%0j* 7* a-? y-h • -y*y • r^y 



(72) »HB# ^ >f h ■ y r U v b 

K-r^ya^ftftJii y/^v^-bv, 

^-b'V^jLh^— b 33 
. 22 



